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 ABSTRACT 
 This study was part of a cross-sectional project on 
freestall housing, and the aim was to compare locomo-
tion and claw disorders in freestall dairy cattle herds 
with slatted concrete, solid concrete, or solid rubber 
flooring in the alleys. The final population for study-
ing claw disorders consisted of 66 dairy herds with 
2,709 dry or lactating cows, whereas the population for 
studying locomotion consisted of 54 herds with 2,216 
cows. All herds used Norwegian Red as the main breed. 
The herds were visited by 15 trained claw trimmers one 
time during the period from the beginning of February 
to summer let-out onto pasture in 2008. The trimmers 
assessed locomotion scores (LocS) of all cows before 
trimming. At trimming, claw disorders were diagnosed 
and recorded in the Norwegian Claw Health Card. Es-
timates describing locomotion and claw disorders in the 
hind feet were identified by use of multivariable models 
fit with LocS and each claw disorder as dependent 
variables, respectively. Herd nested within claw trim-
mer was included in the model as random effects. The 
odds ratio (OR) of having LocS >2 and LocS >3 was 
1.9 and 2.1, respectively, on slatted concrete compared 
with solid concrete. Fewer cases of dermatitis were 
found on slatted than solid concrete (OR = 0.70) and a 
tendency was observed for fewer heel horn erosions on 
slatted concrete than solid rubber (OR = 0.47). Hemor-
rhages of the white line and sole were more prevalent 
in herds housed on slatted and solid concrete than in 
those housed on solid rubber (OR = 2.6 and OR = 2.1, 
respectively). White line fissures were also more preva-
lent in herds housed on slatted and solid concrete than 
in those housed on solid rubber (OR = 2.1 and OR = 
2.0, respectively). Double soles were more prevalent on 
solid concrete than solid rubber (OR = 4.4). However, 
sole ulcers were less prevalent in herds with slatted and 
solid concrete than solid rubber (OR = 0.39 and OR = 
0.53, respectively). Fewer corkscrewed claws were found 
on slatted concrete than both solid rubber and solid 
concrete (OR = 0.60 and OR = 0.44, respectively). 
More white line crossing fissures were recorded on slat-
ted and solid concrete than solid rubber (OR = 3.6 
and OR = 3.1, respectively). This shows that solid rub-
ber flooring was favorable when most laminitis-related 
lesions were considered, whereas slatted concrete was 
favorable for infectious claw lesions and corkscrewed 
claws but not for locomotion. 
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 INTRODUCTION 
 Lameness reduces animal welfare and is an impor-
tant constraint to the dairy industry (Kossaibati and 
Esslemont, 1997), and claw disorders are the cause of 
approximately 90% of the lameness cases (Logue et al., 
1993; Murray et al., 1996). Infectious claw diseases are 
partly contagious, with poor hygiene and contamination 
of the claws by manure and urine as important pre-
disposing factors (Berry, 2006). Laminitis-related claw 
lesions are partially caused by metabolic disorders, in 
which hormonal and nutritional changes around calv-
ing are important in the etiology (Greenough, 2007). 
However, housing and other environmental factors pose 
mechanical forces to the claw, which have been proven 
to have considerable influence on the pathogenesis of 
many laminitis-related lesions (Mülling and Greenough, 
2006). Other claw disorders, such as corkscrewed hind 
claws, which partially have a genetic cause, might also 
be influenced by housing (Hallset and Wendelboe, 2005; 
Sogstad et al., 2005b). 
 Locomotion scoring is a valuable tool when assessing 
the prevalence of lameness and animal welfare in frees-
tall herds. Several scoring systems have been presented 
(Manson and Leaver, 1988; Sprecher et al., 1997; Flower 
and Weary, 2006; Haskell et al., 2006). Most lame cows 
have an arched back, and many of these systems are 
based on scoring the posture of the back when standing 
and walking. Even so, cows that are obviously lame 
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do not always show such signs (Thomsen et al., 2008). 
Telezhenko and Bergsten (2005) showed that cows with 
severe claw disorders walk more slowly and with shorter 
strides than do cows with healthy feet. In addition to 
individual factors, locomotion is also dependent on the 
characteristics of the floor.
The environment exerts a huge influence on the in-
cidence of lameness and claw disorders. Sogstad et al. 
(2005b) found that 72% of Norwegian dairy cows in 
freestalls had one or more claw lesions versus 48% in 
tie stalls, and that most of the lesions were mild. It 
has been mandated by law that all Norwegian cattle 
shall be housed in loose housing starting in 2024 (Nor-
wegian Food Authorities, 2004). Although it has been 
suggested to postpone this requirement to 2034 for tie-
stall barns built after 1994, and to make exceptions 
for herds <35 cows, the prevention of claw disorders 
will become increasingly important. The conformation, 
flooring, and bedding of cubicles have been shown to 
have a significant influence on lying time, cleanliness, 
and claw health (Leonard et al., 1994; Faull et al., 1996; 
Cook et al., 2004). In recent times, much attention has 
been paid to cubicles in Norway. With more soft mats 
or mattresses and better conformation of the stall, the 
conditions for animal welfare and better claw health 
have improved. Nevertheless, the floor in the alleys also 
has an important influence on cow comfort, locomo-
tion, and claw health (Vokey et al., 2001; Telezhenko 
and Bergsten, 2005; Vanegas et al., 2006).
In freestall barns, the cows walk long distances, ap-
proximately 1 km/d, in the alleys between the cubicles, 
the feeding and drinking stations and the milking par-
lor. The alley floors should prevent sliding. They should 
also be resilient and yielding, while being dry and clean 
at the same time (Berry, 2006; Rushen and de Passillé, 
2006). In most Norwegian freestall barns, slatted con-
crete is found in the alleys (Sogstad et al., 2005a). With 
new regulations requiring no open connection between 
the stall and manure below (Norwegian Food Authori-
ties, 2004; Ruud, 2005), a slatted floor becomes more 
expensive to install. Consequently, solid floors have 
been installed in many new freestall barns. Solid con-
crete floors are the type most frequently chosen because 
they are cheap and durable. These floors, however, have 
often been too abrasive during the first one to 2 years 
and later become more slippery (Hultgren, 2002). The 
popularity of solid rubber floors has recently been on 
the increase. Even so, manure has a detrimental ef-
fect on the claw horn (Mülling and Budras, 1998), and 
it remains a challenge to achieve satisfactory hygienic 
conditions on all solid floors. Most studies of claw dis-
orders on different alley floors have been performed as 
short-term controlled trials, and a study of the long-
term effects is needed (Vokey et al., 2001; Vanegas et 
al., 2006).
Thus, the aim of our epidemiological study was to 
compare locomotion and claw disorders in freestall 
dairy herds with different flooring in the alleys.
MATERIALS AND METHODS
Selection Procedure
This study was part of a large cross-sectional freestall 
housing project. From a questionnaire sent to all dairy 
advisers in Norway, 2,400 herds that were assumed to 
be housed in freestall barns were identified. The farm-
ers received a questionnaire covering several aspects of 
their freestall housing system. To be included in the 
study, the farmers and herds had to fulfill the following 
criteria: volunteer to participate, use freestall housing, 
have herd size ≥20 standardized cow years in 2005, and 
a barn built during the period from 1995 to 2005. In 
addition, all herds with robotic milking (n = 44) and 
solid concrete (n = 105) or rubber floors (n = 24) in 
the alleys were included. Because most of the herds had 
slatted floors, herds built between 1998 and 2005 with 
slatted floors that fulfilled other inclusion criteria were 
included if they were located in the same municipality 
as another study herd.
The present study was designed particularly to assess 
locomotion and claw disorders in a total of 70 herds 
with an approximately equal number of herds with solid 
rubber, solid concrete, and slatted concrete in the al-
leys. After exclusions and drop outs, the population de-
scribed above included 232 herds, though only 15 herds 
had solid rubber. As a result, all 37 freestall herds with 
full or partial rubber in the alleys out of the original 
population of 2,400 were surveyed once more by a new 
questionnaire and asked to join the claw project, result-
ing in 10 more herds. In a similar questionnaire sent 
to a computerized stratified sample of the 232 herds, 
45 herds with solid and 49 herds with slatted concrete 
were also asked to join the claw project.
Altogether, 70 herds were willing to join the present 
study. However, 4 herds were excluded because they 
did not fit into any of the alley groups. An additional 5 
herds were excluded from the locomotion study because 
locomotion scoring was not performed, whereas 7 other 
herds were excluded because they had both rubber and 
concrete in the alley and it was not known where the 
scoring was performed. Because the number of cows 
could not be matched with the Norwegian Dairy Herd 
Recording System (NDHRS), or they were heifers that 
had not yet calved, 88 animals dropped out of the 
study.
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Study Population
The final population for studying claw disorders 
consisted of 66 dairy herds with 2,709 dry or lactating 
cows, whereas the population for studying locomotion 
consisted of 54 herds with 2,216 cows. All herds used 
Norwegian Red as the main breed. For all herds, the 
most recent claw trimming was performed more than 
3 mo before the study visit. Factors describing herds 
stratified by alley floor are in Table 1. Most solid rub-
ber floors were 24-mm thick. Stall base, claw trimming 
routines, and cleaning routines of the alleys stratified 
by alley floor are in Table 2. The mean slope across 
the alley floor in front of the feeding table and between 
the cubicles was 1.9 and 2.0% on solid concrete and 
0.8 and 0.7% on solid rubber, respectively. The mean 
slope along the alleys in front of the feeding table and 
between the cubicles was 0.2 and 0.1% on solid concrete 
and 0.05 and 0.05% on solid rubber, respectively. The 
mean width of slots and slats was 13.7 cm (SD 3.0 cm) 
and 3.8 cm (SD 0.7 cm), respectively, in herds with 
slatted concrete.
Recruitment and Training of Personnel
Fifteen experienced claw trimmers who were certified 
or participated in previous research projects on bovine 
claw health (Sogstad and Fjeldaas, 2008) attended a 
2-d course held by the authors. The program included 
locomotion scoring, correct trimming procedures, and 
diagnosis and recording of claw disorders. The par-
ticipants were tested individually in diagnosing and 
recording lesions from photos, as well as in diagnosing 
and recording claw disorders, including measuring claw 
length from the claws of slaughtered cows. On aver-
age, all 15 trimmers gave the correct answer 78.2% of 
the time (highest score: 92%; lowest score: 66%). These 
results indicate a good agreement between the claw 
trimmers in their diagnosis and lesion recordings. The 
test results with evaluation and comments were sent to 
all claw trimmers before their claw trimming visits to 
help clarify definitions and help the trimmers to know 
their errors.
Recording of Data
The cows were trimmed one time during the period 
from the beginning of February to summer let-out onto 
pasture in 2008. The last trimming was performed on 
July 10. Eight trimmers used electric grinders with hard 
metal abrasive discs, 6 used hard metal bladed discs, 
and one used a blade and mallet. Locomotion scores 
(LocS) for all cows were assessed before trimming when 
they were walking freely in the alleys (Sprecher et al., 
1997). They defined cows with LocS = 1 as standing 
and walking with a straight back; cows with LocS = 
2 as standing with a straight back, but walking with 
an arched back; cows with LocS = 3 as both standing 
and walking with an arched back and making short 
strides with one or more limbs; cows with LocS = 4 as 
standing and walking with an arched back with limited 
weight bearing on one or more limbs; and cows with 
LocS = 5 as standing and walking with an arched back 
and refusing to bear weight on one or more limbs. We 
adapted the Sprecher scoring system and recorded all 
obviously lame cows as LocS ≥3, which was in agree-
ment with Thomsen et al. (2008), who found that some 
obviously lame cows, with limited or no weight bearing 
on one limb, did not have an arched back.
At trimming, claw disorders were diagnosed and re-
corded by the trimmers in the Norwegian Claw Health 
Card (Sogstad and Fjeldaas, 2008). The criteria for 
recording are in Table 3. Interdigital dermatitis (ID) 
is still more prevalent than digital dermatitis (DD) in 
Norway (Sogstad et al., 2005b) even though DD has 
been diagnosed in an increased number of Norwegian 
herds in recent years. Many of these cases have, how-
ever, been difficult to distinguish from ID by clinical 
examination, as discussed by Cruz et al. (2005) and 
Greenough et al. (2007). Consequently, in agreement 
with the routinely used Norwegian Claw Health Card, 
we decided to use the term “dermatitis” (D), which 
includes both ID and DD, in the present study. In 
addition, the recording protocol did not differentiate 
between the left or right foot and outer or inner claw 
because most lesions occur in the outer claw of the 
hind limb (Birkeland and Fjeldaas, 1984; Murray et al., 
1996). If there were no claw disorders, no notation was 
made. Double soles (DS) and white line crossing fis-
sures (WLCF) were recorded as “other findings.” The 
dorsal wall length was measured on the right lateral 
hind claw from the coronary band along the dorsal bor-
der to the apex of the claw. The length of corkscrewed 
claws (CC) was not measured.
Within the period from September 2006 until May 
2007, 56 of the herds were visited once by one of 5 
trained observers to record environmental and man-
agement variables. The 10 extra herds were visited in 
February 2008 by one of the same observers. Informa-
tion about time of building/rebuilding the stall, pasture 
usage, and claw trimming routines was collected by an 
electronic questionnaire and missing data by telephone 
or e-mail.
Data Handling and Statistical Analysis
Data recorded at the farm were transferred to SAS 
version 8.0 for statistical analyses. Twenty-one cows 
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Table 1. Number of herds and cows, mean number of cows in the herds, number of cows in each parity, mean DIM at claw trimming, mean milk production per cow, number of 
herds with TRAD1 or PMR2 feeding, mean % concentrate, silage and pasture in estimated feed energy units, number of herds at pasture and mean time at pasture with different 
flooring in the alleys in 66 Norwegian dairy herds in 2008 
Item
Alley floor
Solid rubber Solid concrete Slatted concrete Mix rubber/concrete
n Mean SD n Mean SD n Mean SD n Mean SD
Herds 16 19 24 7
Cows 608 38.6 15.6 890 50.1 22.8 858 36.2 12.5 353 46.2 6.6
Parity
 1 257 334  353 156  
 2  167  229   222  99  
 ≥3 184 327  283 98  
         
DIMT3 173.9 137.1 173.0 140.7 184.3 106.6 175.8 141.9
Milk production (kg) 6,104 2,857 6,646 1,970 6,406 2,144 6,753 2,079
Feeding system         
 TRAD 15   16   23   5   
 PMR 1   3   1   2   
Estimated feed energy units (%)         
 Concentrate  41.5 5.8  40.8 10.7  41.3 6.6  38.2 5.3
 Silage  29.8 23.2   40.9  18.2  39.8 21.7  38.0 17.3
 Pasture  7.2 10.6  7.7 9.0  5.3 6.7  8.9 10.0
           
Herds at pasture
 Yes 13   14   18    4   
 No4  3    5   6   3   
Time at pasture5 (wk) 14.9 5.3 12.3 7.1  12.6 6.8 8.1 8.3
1Traditional feed with grass silage and concentrate separately fed. 
2Partly mixed feeding ration. 
3Days from last calving to trimming.
4Includes both herds never out of the barn and herds with access to a small outside pen with no grazing.
5All herds including both those on pastures and those not on pastures are included in mean time at pasture.
(0.9%) with recorded LocS (2,216 animals in total) had 
only front claw disorders, whereas 7 cows (0.3%) with 
LocS >1 had only front claw disorders. Consequently, 
only hind claw disorders (HCD) were included in the 
analyses. The LocS population was divided into cows 
with LocS >1, cows with LocS >2, and cows with LocS 
>3. The prevalence of HCD was calculated as the num-
ber of affected pairs of hind claws divided by the total 
number of cows examined (Altman, 1991).
Two different types of multivariable models were fit 
separately for hind feet. Model type I was constructed 
with 3 different levels of LocS (separate models for LocS 
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Table 2. Factors related to housing and management in 66 Norwegian dairy herds with different flooring in 
the alleys in 2008 
Variable (n)
Solid rubber  
(n = 16)
Solid concrete  
(n = 19)
Slatted concrete  
(n = 24)
Rubber/concrete  
(n = 7)
Stall base
 Mattresses1 0 7 8 1
 Soft mats2 7 6 8 2
 Rubber mats3 6 3 2 1
 Concrete 3 3 1 1
 Mix 0 0 4 2
 Water bedding 0 0 1 0
Claw trimming
 3 × 2 1 0 0
 2 × 2 4 5 2
 1 × 11 7 11 4
 Occasionally 1 7 8 1
Claw trimmer
 Professional 9 13 13 5
 Herdsman 7 6 10 2
 Missing 0 0 1 0
How manure is removed
 By the cows only 0 0 4 0
 By the cows/manual cleaning 1 2 18 0
 By vehicle 0 0 0 2
 By automatic scrapers 15 15 0 3
 Others 0 1 2 2
 Missing 0 1 0 0
Manure removal by scrapers
 Continuously 0 0 0 0
 Every 60 min 5 1 0 2
 Every 120 min 5 6 0 1
 Every 3 to 4 h 3 4 0 0
 2 to 3 × per d 2 4 0 0
 1 × per d 0 0 0 0
 Occasionally 0 1 0 0
 Missing 1 3 0 4
1Usually 40 to 100 mm thick.
2Usually 30 to 40 mm thick. The softness of mattresses and soft mats are usually 16 to 40 mm [measured by 
impact of a sphere (diameter = 120 mm) at 2 kN load; Nilsson, 1988; Dumelow, 1995].
3Usually 15 to 30 mm thick with softness between 4 and 15 mm.
Table 3. Definition of claw disorders recorded at trimming 
Lesion Definition for minimum sign of lesion being present1
Dermatitis (D)2 Superficial, hyperemic, slightly exudative lesion of the digital/interdigital skin
Heel horn erosion (E) V-shaped fissures or craters of the heel/bulb not affecting corium
Hemorrhages (H) Hemorrhagic discoloration covering  >20% of the white line or the sole
Sole ulcer (SU) Exposed, unaffected corium at the typical site
White line fissure (WLF)3 Longitudinal fissure, which disappears with deep cut beneath normal trimming level
Corkscrewed hind claw (CC) Inward bent abaxial wall with a curved dorsal wall edge and a slightly egg-shaped bearing surface
Double sole (DS) Disintegration of the deep part of the sole horn parallel to the bearing surface
White line crossing fissures (WLCF) Multiple short fissures crossing the abaxial white line
Hind claw disorders (HCD) Includes all disorders above recorded in hind claws
1All more severe scores of the lesions were also recorded.
2Includes both interdigital and digital dermatitis.
3The most severe scores of white line fissures were white line abscesses.
= 1 vs. LocS >1, LocS ≤2 vs. LocS >2, and LocS ≤3 
vs. LocS >3) as dependent variables. Model type II was 
constructed with each claw disorder [separate models 
for D, heel horn erosions (E), hemorrhages of the white 
line and sole (H), sole ulcers (SU), white line fissures 
(WLF), DS, CC, and WLCF] as dependent variables. 
The PROC GENMOD procedure with binomial distri-
bution and logit link function with Wald statistics for 
type-3 contrasts was used (Dohoo et al., 2003). Herd 
nested within claw trimmer were included in the models 
as random effects. The random effects were expressed as 
α1 and α2 by using the LOGOR statement. Alley floor 
(solid rubber, solid concrete, slatted concrete, or mixed 
concrete and rubber), cow years (number of cows in 
the herd), parity (1, 2, and ≥3), and DIM at trimming 
(DIMT) were included as independent fixed effects in 
all models. Cows “with or without claw disorders” were 
included as an additional fixed effect in the type I mod-
els (LocS model), and stall base (hard or soft) in the 
type II models (claw disorder models). The final model 
was produced by stepwise backward elimination. The 
fixed effect of alley floor class was always kept in the 
model and also other variables with P < 0.1. Model-
based estimated relative risks for continuous variables 
were calculated by comparing probability estimates for 
the value limits of the 25 and 75% quartiles.
RESULTS
Locomotion
The prevalence of cows with LocS = 1 was 76.7% 
(95% CI 75.0 to 78.4%); LocS = 2: 15.7% (CI 14.1 to 
17.2%); LocS = 3: 5.8% (CI 4.8 to 6.7%); LocS = 4: 
1.7% (CI 1.1 to 2.2%); and LocS = 5: 0.2% (CI 0.0 to 
0.4%). Results from the 3 different final multivariable 
models describing LocS, one for LocS = 1 versus LocS 
>1, one for LocS ≤2 versus LocS >2, and one for LocS 
≤3 versus LocS >3 on solid rubber flooring versus solid 
and slatted concrete are in Table 4. Significant results 
from analyses with solid concrete as the reference floor 
are written in notes to the tables and also in the text 
below. The highest LocS were recorded in herds housed 
in barns with slatted concrete in the alleys. When 
LocS >2 and LocS >3 were analyzed, herds on slatted 
concrete had worse locomotion than did herds on solid 
concrete, odds ratio (OR) = 1.90 (CI 1.18–3.04) and 
2.05 (CI 1.03–4.08), respectively.
Claw Disorders
The prevalence of cows with one or more HCD in the 
entire study population was 52.9% (CI 51.1 to 54.8%). 
Also found were 66.3% (CI 63.2 to 69.4%) cows with 
HCD on solid concrete, 48.2% (CI 44.2 to 52.2%) on 
solid rubber, 45.6% (CI 42.2 to 48.9%) on slatted con-
crete, and 45.3% (CI 40.1 to 50.5%) in herds with a mix 
of rubber and concrete floors.
Results from the final multivariable models describ-
ing infectious lesions, laminitis-related lesions and other 
claw disorders on solid rubber versus solid concrete, 
slatted concrete and mixed rubber and concrete floor-
ing are in Tables 5, 6, and 7, respectively. Significant 
results from analyses with solid concrete as the refer-
ence floor are written in notes to the tables and also in 
the text below.
The prevalence of the partly contagious D and E was 
7.8% (CI 6.7 to 8.7%) and 18.1% (CI 16.6 to 19.5%), 
respectively. Fewer cases of D existed on slatted versus 
solid concrete (OR = 0.70; CI 0.50–0.98) and a ten-
dency toward fewer E on slatted concrete versus on 
solid rubber flooring (Table 5).
The prevalence of the laminitis-related lesions H, SU, 
WLF, and DS was 11.0% (CI 9.9 to 12.2%), 2.9% (CI 
2.3 to 3.6%), 9.2% (CI 8.1 to 10.2%), and 2.8% (CI 
2.2 to 3.4%), respectively. Hemorrhages and WLF were 
more prevalent in herds housed on slatted and solid 
concrete and also in herds on mixed concrete and rub-
ber floors versus in those housed on solid rubber (Table 
6). Double soles were more prevalent on solid concrete 
versus on solid rubber, though SU were less prevalent 
in herds with slatted and solid concrete floors versus in 
those with solid rubber.
The prevalence of CC was 24.2% (CI 22.7 to 25.9%). 
Fewer CC were found on slatted concrete versus on 
both solid concrete (OR = 0.44; CI 0.31–0.63) and solid 
rubber (Table 7). Also, fewer CC existed in herds with 
a mix of concrete and rubber floors versus in herds 
with solid concrete (OR = 0.53; CI 0.29–0.95). The 
prevalence of WLCF was 3.9% (CI 3.1 to 4.6%). More 
WLCF were recorded on slatted and solid concrete ver-
sus on solid rubber flooring (Table 7).
Claw Length
The mean claw length in herds housed on solid rub-
ber was 93.8 mm (SD 13.6 mm). The mean lengths 
were shorter on other alley floors: 89.8 mm (SD 12.3 
mm) on solid concrete, 87.8 mm (SD 10.3 mm) on slat-
ted concrete, and 86.5 mm (SD 11.3 mm) on a mix of 
rubber and concrete floors.
Fixed Effects and Random Effects
Cows without HCD had a lower LocS than did cows 
with disorders, with the LocS increasing with parity 
(Table 4). More E, WLF, DS, and CC were found with 
increasing parity (Tables 5, 6, and 7). Fewer SU and CC 
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were recorded on hard versus soft stall bases (Tables 
6 and 7). Fewer H, SU, and WLCF were found with 
increasing DIMT and more SU with increasing number 
of cow years in the herd (Tables 6 and 7).
The random effect within the herd and between claw 
trimmers was significant when LocS >1 and LocS >2 
were analyzed, but not when LocS >3 was analyzed 
(Table 4). A significant random effect within the herd 
for all claw disorders was found (Tables 5, 6, and 7). No 
random effect existed between claw trimmers for CC, 
H, and DS, and a moderate random effect existed for 
E and WLCF, whereas the random effect was highly 
significant for D, WLF, and SU (Tables 5, 6, and 7).
DISCUSSION
Representativeness and Random Effects
Our study population cannot be considered represen-
tative of Norwegian dairy freestall herds because the 
herds were included according to floor type in the alley. 
However, within each type, they were representative 
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Table 4. Results from the 3 final multivariable models describing locomotion scoring (LocS), one for LocS = 1 versus LocS >1, one for LocS 
≤2 versus LocS >2, and one for LocS ≤3 versus LocS >3 on solid rubber flooring versus solid and slatted concrete in 2,216 Norwegian dairy 
cows in 2008 
Effect n n β1 SE OR2 (CI)
LocS = 1 (n = 1,700) vs. LocS >1 (n = 516) LocS = 1 LocS >1
 Intercept   −0.48 0.32  
 Solid concrete 647 207 0.13 0.28 1.14 (0.66–1.97)
 Slatted concrete 612 215 0.25 0.18 1.28 (0.90–1.83)
 Solid rubber 441 94 0 — 1.0
 Cows without HCD3 824 180 −0.57 0.16 0.57 (0.41–0.77)
 Cows with HCD 876 336 0 — 1.0
 Parity 1 762 126 −1.26 0.19 0.28 (0.20–0.41)
 Parity 2 450 129 −0.64 0.08 0.53 (0.45–0.62)
 Parity 3 488 261 0 — 1.0
 DIMT4   0.0007 0.0002 1.06 (1.03–1.10)
 Cow years5   −0.0089 0.005 0.83 (0.64–1.02)
 Random effect herd (α1)   0.82 0.15 2.27 (1.69–3.05)
 Random effect trimmer (α2)   0.82 0.22 2.27 (1.48–3.49)
 
LocS ≤2 (n = 2,047) vs. LocS >2 (n = 169) LocS ≤2 LocS >2
 Intercept   −1.82 0.21  
 Solid concrete 796 58 −0.27 0.38 0.76 (0.36–1.61)a
 Slatted concrete 749 78 0.38 0.34 1.46 (0.75–2.85)a
 Solid rubber 502 33 0 — 1.0
 Cows without HCD 960 44 −0.93 0.36 0.39 (0.19–0.80)
 Cows with HCD 1,087 125 0 — 1.0
 Parity 1 858 30 −1.41 0.17 0.24 (0.17–0.34)
 Parity 2 535 44 −0.57 0.13 0.57 (0.44–0.73)
 Parity 3 654 95 0 — 1.0
 Random effect herd (α1)   0.33 0.10 1.39 (1.14–1.69)
 Random effect trimmer (α2)   0.23 0.10 1.26 (1.03–1.53)
 
LocS ≤3 (n = 2,175) vs. LocS >3 (n = 41) LocS ≤3 LocS >3
 Intercept   −2.92 0.51  
 Solid concrete 841 13 −0.53 0.49 0.59 (0.23–1.54)b
 Slatted concrete 809 18 0.19 0.64 1.21 (0.34–4.24)b
 Solid rubber 525 10 0 — 1.0
 Cows without HCD 996 8 −1.16 0.34 0.31 (0.16–0.61)
 Cows with HCD 1,179 33 0 — 1.0
 Parity 1 881 7 −1.48 0.35 0.23 (0.11–0.45)
 Parity 2 572 7 −1.09 0.32 0.34 (0.18–0.63)
 Parity 3 722 27 0 — 1.0
 Random effect herd (α1)   0.37 0.21 1.45 (0.96–2.18)
 Random effect trimmer (α2)   0.15 0.09 1.16 (0.97–1.39)
aWithin same letter and solid concrete as reference floor, OR = 1.90 (CI 1.18–3.04).
bWithin same letter and solid concrete as reference floor, OR = 2.05 (CI 1.03–4.08).
1Estimate.
2Odds ratio.
3Hind claw disorders.
4Days from last calving to trimming. Estimated relative risk comparing DIMT 91.5 (25% quartile) versus DIMT 242.5 (75% quartile).
5Estimated relative risk comparing herds with 34 cows (25% quartile) versus herds with 64 cows (75% quartile).
of the Norwegian population. Unfortunately, slatted 
rubber was not represented in the analyses because of 
too few barns with such alley floors. The herd sizes 
were larger than the Norwegian average, but probably 
representative of future herd sizes. Herdsmen who did 
not want to participate might have been less interested 
in maintaining good claw health and their animals 
might have had more diseased claws, leading to an un-
derestimation of prevalence in this study. Nonetheless, 
the opposite could be the case if the motivation of the 
participating herdsmen were bad claw health in their 
herd. All herds had to be housed in fairly new stalls to 
be able to include herds with solid rubber floors in the 
study. A more expensive continuous study may have 
provided a better evaluation of the various alternatives 
for floor design. Still, a considerable advantage of our 
study compared with many controlled trials was that 
all herds had been housed in the same housing environ-
ment for more than 3 years.
Differences in recording among the 15 claw trimmers 
were indicated by significant clustering for claw trim-
mer, although their individual diagnostic skills were 
satisfactory when tested. It was not feasible for one 
person to perform all of the recordings because the 
distances between the farms were too long and because 
neither the researchers nor any of the trimmers had 
time to visit all of the herds. Additionally, having fewer 
claw trimmers would have led to one trimmer having a 
larger influence on the outcome. The results from previ-
ous Norwegian research on bovine claw health implied 
that experienced and educated claw trimmers were 
well qualified for diagnosing and recording claw lesions 
(Sogstad et al., 2005b). However, our present analyses 
revealed significant random effects between the claw 
trimmers for some variables. One reason for the differ-
ence between the 2 studies could be that one author 
supervised all of the trimmers’ recordings in their first 
herd in the Sogstad et al. (2005b) study, whereas we 
performed individual testing using photos and claws 
from slaughtered cows instead, during the 2-d course 
in the present study. Another reason might be fewer 
herds per trimmer. Lameness scoring, including more 
symptoms than in the method of Sprecher et al. (1997), 
could have been used, but the simplicity of their method 
was considered as an advantage.
As expected, a highly significant random effect within 
the herd for most variables also was noted, demonstrat-
ing that differences between farms with regard to nutri-
tion and feeding, environment and management, as well 
as genetics, exert an important influence on locomotion 
and claw disorders.
Locomotion Scoring
The highest LocS on slatted concrete agrees with 
results from Telezhenko and Bergsten (2005), who dis-
covered that cows walked slowest on slatted concrete 
compared with walking on other floor types. The fact 
that no significant difference between solid rubber and 
solid concrete existed in our study is in contrast to 
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Table 5. Results from the final multivariable models describing infectious claw lesions on solid rubber flooring 
versus solid concrete, slatted concrete, and mixed rubber and concrete flooring in the alleys in 2,709 Norwegian 
dairy cows in 2008 
Effect n β1 SE OR2 (CI)
Dermatitis (D; n = 209)     
 Intercept  −2.86 0.41  
 Solid concrete 97 0.26 0.45 1.30 (0.54–3.13)a
 Mixed rubber/concrete 23 0.04 0.45 1.04 (0.43–2.51)
 Slatted concrete 60 −0.09 0.40 0.91 (0.42–2.0)a
 Solid rubber 29 0 0 1.0
 Random effect herd (α1)  1.79 0.24 5.99 (3.74–9.59)
 Random effect claw trimmer (α2)  0.87 0.18 2.39 (1.68–3.40)
Heel horn erosions (E; n = 488)
 Intercept  −0.78 0.28  
 Solid concrete 171 −0.26 0.30 0.77 (0.43–1.39)
 Mixed rubber/concrete 53 −0.30 0.39 0.74 (0.34–1.59)
 Slatted concrete 117 −0.76 0.42 0.47 (0.21–1.07)
 Solid rubber 147 0 0 1.00
 Parity 1 153 −0.59 0.13 0.55 (0.43–0.72)
 Parity 2 134 −0.22 0.11 0.80 (0.65–1.00)
 Parity 3 201 0 0 1.0
 Random effect herd (α1)  1.03 0.19 2.80 (1.93–4.06)
 Random effect claw trimmer (α2)  0.46 0.18 1.58 (1.11–2.25)
aWithin same letter and solid concrete as reference floor, OR = 0.70 (CI 0.50–0.98).
1Estimate.
2Odds ratio.
results from van der Tol et al. (2005), who concluded 
that concrete floors do not provide enough friction to 
allow natural locomotion. New concrete floors might do 
so, but at the same time they are often too abrasive. 
Rushen and de Passillé (2006) found that both more 
friction and compressibility were provided with rubber 
flooring. Flower et al. (2007) found that soft high-
friction composite rubber compared with a concrete 
surface improved the gait of cows with and without 
SU, whereas Telezhenko et al. (2007) showed that the 
majority of cows preferred to walk and stand on soft 
rubber rather than on concrete flooring. The reason for 
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Table 6. Results from the final multivariable models describing laminitis-related claw lesions on solid rubber 
versus solid concrete, slatted concrete, and mixed rubber/concrete flooring in 2,709 Norwegian dairy cows in 
2008 
Effect n β1 SE OR2 (CI)
Hemorrhages (H; n = 299)     
 Intercept  −2.38 0.31  
 Solid concrete 120 0.75 0.23 2.12 (1.35–3.32)
 Mixed rubber/concrete 47 1.07 0.29 2.92 (1.65–5.15)
 Slatted concrete 101 0.94 0.28 2.56 (1.48–4.43)
 Solid rubber 31 0 0 1.0
 Parity 1 131 0.08 0.28 1.08 (0.63–1.88)
 Parity 2 63 −0.30 0.18 0.74 (0.52–1.05)
 Parity 3 105 0 0 1.0
 DIMT3  −0.003 0.001 0.65 (0.48–0.86)
 Random effect herd (α1)  0.54 0.15 1.72 (1.27–2.30)
 Random effect trimmer (α2)  0.31 0.18 1.36 (0.96–1.94)
Sole ulcers (SU; n = 79)    
 Intercept  −2.94 0.43  
 Solid concrete 37 −0.63 0.29 0.53 (0.30–0.94)
 Mixed rubber/concrete 4 −1.46 0.84 0.23 (0.04–1.20)
 Slatted concrete 19 −0.93 0.35 0.39 (0.20–0.78)
 Solid rubber 19 0 0 1.0
 Hard stall base 12 −0.95 0.28 0.39 (0.22–0.67)
 Soft stall base 67 0 0 1.0
 Parity 1 31 −0.26 0.28 0.77 (0.45–1.33)
 Parity 2 12 −0.80 0.28 0.45 (0.26–0.78)
 Parity 3 36 0 0 1.0
 DIMT3  −0.002 0.0006 0.75 (0.64–0.89)
 Cow years4  0.02 0.006 1.55 (1.21–1.92)
 Random effect herd (α1)  0.64 0.20 1.90 (1.28–2.81)
 Random effect trimmer (α2)  0.54 0.16 1.72 (1.25–2.35)
White line fissures (WLF; n = 248)   
 Intercept  −2.47 0.23  
 Solid concrete 103 0.71 0.17 2.03 (1.46–2.84)
 Mixed rubber/concrete 28 0.64 0.25 1.90 (1.16–3.10)
 Slatted concrete 89 0.72 0.20 2.05 (1.39–3.04)
 Solid rubber 28 0 0 1.0
 Parity 1 64 −0.84 0.14 0.43 (0.33–0.57)
 Parity 2 61 −0.47 0.14 0.63 (0.48–0.82)
 Parity 3 123 0 0 1.0
 Random effect herd (α1)  0.92 0.18 2.51 (1.76–3.57)
 Random effect trimmer (α2)  0.71 0.21 2.03 (1.35–3.07)
Double soles (DS; n = 76)    
 Intercept  −4.29 0.66  
 Solid concrete 43 1.48 0.75 4.39 (1.01–19.11)
 Mixed rubber/concrete 9 0.99 0.94 2.69 (0.43–16.99)
 Slatted concrete 18 0.93 0.59 2.53 (0.80–8.06)
 Solid rubber 6 0 0 1.0
 Parity 1 15 −1.03 0.25 0.36 (0.22–0.58)
 Parity 2 25 −0.14 0.24 0.87 (0.54–1.39)
 Parity 3 36 0 0 1.0
 Random effect herd (α1)  0.92 0.21 2.51 (1.66–3.79)
 Random effect trimmer (α2)  0.52 0.27 1.68 (0.99–2.86)
1Estimate.
2Odds ratio.
3Days from last calving to trimming. Estimated relative risk comparing DIMT 89 (25% quartile) versus DIMT 
242 (75% quartile).
4Estimated relative risk comparing herds with 35 cows (25% quartile) versus herds with 59 cows (75% 
quartile).
this is probably that rubber mats prevent sliding and 
are also more resilient.
A highly significant random effect between trimmers 
for the distinction between LocS = 1 and LocS >1, 
and also no random effect between trimmers for the 
distinction between LocS ≤3 and LocS >3 was ex-
pected because it is easier to diagnose severe lameness 
than slightly abnormal locomotion with an arched back 
(Flower and Weary, 2006). Our result also partially 
agrees with that of Whay et al. (2002), who found that 
lameness was greatly underestimated by farmers in the 
United Kingdom.
Claw Disorders
More D on solid versus slatted concrete, and slightly 
more E on solid rubber versus slatted concrete, are sup-
ported by findings that manure and urine have a detri-
mental effect on claw horn (Mülling and Budras, 1998) 
and that claw horn tissue absorbs water and becomes 
softer and, therefore, more sensitive to damage (Bor-
deras et al., 2004).The explanation for this is that there 
is probably often more manure and urine in alleys with 
solid than with slatted flooring, which results in softer 
skin and horn on solid floors. To achieve satisfactory 
hygiene on solid floors, frequent automatic scraping, 
at least every 90 min, is advised in Norway. However, 
in our study population, the scraping interval in most 
herds was every 120 min or longer, and scraping was 
done more frequently in herds with solid rubber versus 
solid concrete. There has to be close contact between 
the scrapers and the floor surface, and the scrapers 
must be reliable and not damage the feet of the ani-
mals. In the literature, the frequency of claw disorders 
on floors with automatic scrapers varies. Somers et al. 
(2005a and b) discovered less DD and E in herds on 
slatted floors with scrapers compared with DD and E 
in herds on solid floors with scrapers and slatted floors 
without scrapers. Yet, other studies have not revealed 
any effects of scrapers on DD (Holzhauer et al., 2006) or 
other claw lesions (Capion et al., 2008). Without differ-
entiating between the alley floors, Cramer et al. (2009) 
found more DD in herds with more than 7 scrapings 
per day versus in herds with less than 3 per day. They 
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Table 7. Results from the final multivariable models describing other claw disorders on solid rubber flooring 
versus solid concrete, slatted concrete, and mixed rubber and concrete flooring in the alleys in 2,709 Norwegian 
dairy cows in 2008 
Effect n β1 SE OR2 (CI)
Corkscrewed claws (CC; n = 658)     
 Intercept  −0.59 0.30  
 Solid concrete 306 0.29 0.25 1.34 (0.82–2.18)ab
 Mixed rubber/concrete 45 −0.35 0.27 0.70 (0.42–1.20)b
 Slatted concrete 147 −0.51 0.22 0.60 (0.39–0.92)a
 Solid rubber 160 0 0 1.0
 Hard stall base 143 −0.79 0.21 0.45 (0.30–0.68)
 Soft stall base 515 0 0 1.0
 Parity 1 216 −0.29 0.13 0.75 (0.58–0.97)
 Parity 2 205 0.17 0.16 1.19 (0.87–1.62)
 Parity 3 237 0 0 1.0
 Cow years3  −0.005 0.003 0.92 (0.82–1.01)
 Random effect herd (α1)  0.75 0.30 2.18 (1.18–3.81)
 Random effect trimmer (α2)  0.41 0.25 1.51 (0.92–2.46)
White line crossing fissures (WLCF; n = 105)  
 Intercept  −3.87 0.61  
 Solid concrete 44 1.12 0.52 3.06 (1.11–8.49)
 Mixed rubber/concrete 9 0.85 0.58 2.34 (0.75–7.29)
 Slatted concrete 43 1.27 0.47 3.56 (1.42–8.95)
 Solid rubber 9 0 0 1.0
 DIMT4  −0.002 0.001 0.74 (0.55–0.99)
 Random effect herd (α1)  0.61 0.18 1.84 (1.29–2.62)
 Random effect trimmer (α2)  0.40 0.14 1.49 (1.13–1.96)
aWithin same letter and solid concrete as reference floor, OR = 0.44 (CI 0.31–0.63).
bWithin same letter and solid concrete as reference floor, OR = 0.53 (CI 0.29–0.95).
1Estmate.
2Odds ratio.
3Estimated relative risk comparing herds with 35 cows (25% quartile) versus herds with 59 cows (75% 
quartile).
4Days from last calving to trimming. Estimated relative risk comparing DIMT 89 (25% quartile) versus DIMT 
242 (75% quartile).
hypothesized that too much manure builds up in front 
of the scrapers and more of the foot is exposed to ma-
nure, thereby increasing the risk of infectious diseases.
Fewer H on solid rubber flooring versus both concrete 
flooring and a mix of concrete and rubber agrees with re-
sults of Kremer et al. (2007) and Ouweltjes et al. (2009) 
in addition to Bergsten and Frank (1996), who found 
significantly more sole hemorrhages in cows housed 
in tie stalls with concrete stall bases versus those on 
rubber mat stall bases. Mülling and Greenough (2006) 
concluded that mechanical environmental factors yield 
a considerable influence on the pathophysiology of the 
foot and, consequently, on the pathogenesis of laminitis 
and the laminitis-related lesion H. Hemorrhages may 
also be caused by bruising of the sole (Greenough, 
2007).
The finding of fewer WLF on solid rubber versus con-
crete floors also agrees with the conclusions of Mülling 
and Greenough (2006), who emphasized the consider-
able influence of mechanical forces on laminitis and 
laminitis-related lesions. Cook and Nordlund (2009) 
wrote that differences in the rate of white line disease 
development between freestalls and tie-stalls (Cook et 
al., 2004; Sogstad et al., 2005b) imply that external 
forces may be required for this type of lesion to occur 
at frequencies as high as or higher than sole ulceration. 
Concrete will obviously cause more external shearing 
forces than will rubber because of no compressibility in 
the floor and partly because the abrasiveness of concrete 
flattens the claw and poses more pressure on the sole 
and less to the wall (Telezhenko et al., 2008). In herds 
with a mix of rubber and concrete, the disadvantage of 
concrete seemed to dominate, and this type of floor was 
not favorable for WLF.
The existence of fewer DS on solid rubber versus 
solid concrete can be partially explained by the same 
argument. Double soles are laminitis-related and caused 
by temporary claw-horn disruption (Greenough, 2007) 
and in the authors’ experience are often associated with 
WLF.
Finding more SU on solid rubber versus slatted con-
crete flooring is surprising, but is partly in agreement 
with Kremer et al. (2007), who also found more SU on 
rubber than on concrete flooring. No difference between 
the prevalence of SU in freestalls versus tie stalls found 
by Sogstad et al. (2005b) and no influence of housing 
system on the prevalence of SU found by Thysen (1987) 
also partially agrees with our result. This suggests that 
metabolic and hormonal factors play the most impor-
tant role in the pathogenesis of SU. It must also be 
born in mind that the prevalence of SU and DS was 
quite low, making it harder to detect reliable associa-
tions to floor type.
The result of more CC on both solid concrete and 
solid rubber versus slatted concrete agrees in part with 
Sogstad et al. (2005a), who found more CC on solid 
versus slatted concrete, as well as with Hallset and 
Wendelboe (2005), who found more CC after a dairy 
herd was moved from tie-stall to freestall housing with 
solid rubber in the alleys. Kujala et al. (2004) also found 
more CC in freestalls than in tie stalls. This empha-
sizes the fact that even though a genetic cause exists, 
mechanical environmental forces have a considerable 
influence. Forces pressing the lateral hind claw inwards 
may be influenced by the floor surface in the alleys. 
Frequent trimming is the best way to prevent CC, and 
once established, trimming every 3 mo is required for 
the cow to remain functionally efficient (Greenough, 
2007). Most of the herds in all our study groups were 
only trimmed once per year or only occasionally. Poor 
trimming routines probably partially explain why CC 
is more prevalent in Norway than in many other coun-
tries. It has been recommended in Denmark that all 
cows and heifers should be trimmed at least 3 times per 
year (Capion, 2009).
To the best of the authors’ knowledge, WLCF has 
never been presented as a separate claw lesion before. 
We have observed this lesion quite often in Norwegian 
freestall dairy herds with concrete alleys, and it was not 
surprising that this lesion was more prevalent on slat-
ted and solid concrete than on solid rubber flooring. In 
our opinion, the most important etiological factors are 
mechanical forces caused by increased wear and pres-
sure in combination with reduced claw-horn hardness. 
At the Norwegian School of Veterinary Science, white 
line abscesses have been found in connection with these 
crossing fissures.
Fewer laminitis-related lesions on solid rubber versus 
solid concrete and fewer CC, D, and E on slatted con-
crete versus solid floors in our study indicate that slatted 
rubber flooring, which combines the beneficial effects of 
drainage and resilience, can be a good alternative for 
achieving healthy claws. Vanegas et al. (2006) found 
that the odds of becoming lame and the proportion of 
cows requiring therapeutic claw trimming because of 
lameness were greater for concrete-exposed cows than 
for those on rubber, and studies by Telezhenko and 
Bergsten (2005) demonstrated that yielding slatted 
rubber mats on slatted concrete improved locomotion 
by increasing the length of strides and steps. However, 
slatted rubber floors are probably less durable than 
solid rubber floors, and slatted floors with rubber put 
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on them will provide poorer drainage than will slatted 
concrete and require additional cleaning procedures.
Fixed Effects
Higher LocS for cows with HCD versus those without 
was expected. Higher LocS and more lameness with 
increasing parity agree with several studies (Wells et 
al., 1993; Ward, 1999; Offer et al., 2000; Manske et al., 
2002).
The result of more E with increasing parity agrees 
with Greenough (2007), who wrote that E is usually 
more extensive the older an animal becomes.
Having fewer H with increasing DIMT agrees with 
Sogstad et al. (2005a), who found that cows that had 
calved 3 to 5 mo ago had the most hemorrhages of 
the white line, and cows that had calved 4 to 6 mo 
ago had the most hemorrhages of the sole. Fewer SU 
with increasing DIMT were expected, and this agrees 
with Manske et al. (2002), who discovered the most SU 
between 61 and 120 DIM. More SU on soft versus hard 
stall bases were unexpected, but could be a consequence 
of poorer hygienic conditions on soft versus hard stall 
bases. Finding more WLF and DS with increasing par-
ity also agree with Manske et al. (2002), who found 
more separations with increasing parity.
More CC with increasing parity was expected with 
too long of a trimming interval because this abnormal 
claw shape usually causes deformation and calcification 
of the coffin bone and arthrosis of the coffin joint, which 
will aggravate the corkscrewed shape (Fjeldaas, 1983). 
Greenough (2007) wrote that the typical corkscrewed 
claw is usually observed in cows that are more than 3.5 
yr old. There is no obvious explanation as to why more 
CC were found on soft versus hard stall bases.
CONCLUSIONS
Our study shows that solid concrete floors were not 
favorable for any claw disorders and that some of the 
highest prevalences were found on these floors. Locomo-
tion, however, was fairly good. Slatted concrete floors 
were favorable for D, E, SU, and CC, but not for the 
other laminitis-related lesions and locomotion. Solid 
rubber floors were highly favorable for most laminitis-
related lesions and fairly good in terms of locomotion. 
Even so, a higher prevalence of infectious claw diseases 
and CC on solid floors was a disadvantage and indicates 
that improved cleaning of the alleys and an improve-
ment in trimming routines are needed as well. A mix of 
rubber and concrete floors in the alleys was found to be 
a fairly good alternative.
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